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5 g^^GBOimQg.T^' TNVENTIOia 
disorders and/or cardiavascular disorders. 

o,a»in>.I»odeUbyi..«acting.i*CB.and/c.CB.«ce^rs. Ge^^^;^' 

and tissues d«ivedfiom the mmuM system. „wA»THaand 
While CB. scepter agotUsts. Such as A'^ydrccannabmoUA -THC) and 
a^de. s« useful in and-nooioep.i<» nKHiels in they tend .0 ex^ 

:^CNS.side^c...psychoactivcsiaee«ec,s.thea^P=«^^^ 
.4 etc Tteseundesired side effects are loiov™ to be 

25 deiieode«c»andtolerance,e,e.11»« The»sK lines of evidence, however, 

,oediatedbyfteCBi»ceptorslocated«CNS.The«areu 

suggesting titat CBl agonisU acting at penpheral sites or wth Imuted CNS exp^ 
r«paininhun,a„sora«in.a.wi,hn»chin^vedover.ninv>vop.fi^ 

Wo«.*ereisaneedf.r.ewCB.rec^.orhgandssuchasag»s.s*^ 
^,,.„sef^inn»nagh>gpainor.«aangotherrelateds,n.p»n.ord.seases^ 

.educed or nnnimal undesirable CMS side^ects. 



20 



30 
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treating pain 



t«ceotorlisands which may be useful in 
The present invention provides CBi receptor iigdnu* 

and/or other related symptoms or diseases. 



10 



15 



. A D n F F WH.Po-gamon Press, Oxford, ly/v, 
nrtfimic Chemistry, Sections A B, C, D, E, t, ana «. rragam 
Organic i^nenus ry, exemolary chemical structure names 

which is incorporated by references herem for its exemplary 

and rules on naming chemical structures. 

••CB,/(^2 receptors" ineans CB, and/or CB2 receptors. 

^ . -r "or"C group" used alone or as a prefix, refers to any group 

The term Cm-n or WnSi""F 

having m toil carbon atoms. 

Ue Unn "hyd^caAon" »^ alo» or as a suffix or p»fix. »to «. any 
^ comprising only carbon and hydrog^ atoms up to 14 carbon 
T^e tcrin "hydrocarbon radical" or "hydrooarbyl" used alone or as a strfSx or prefix. 
„fcrstoanys.rucnneasaresultof.«novingoneormon.hydrogensftoma 

''^"^.enn W used aloneor as a snfBx or prefix, refers to monov^ent 
„^.orl««chedchainhyd.oc^on radicals coning 1 .o about 12 ca^ 

str^ght or branched chain hydrocarbon «dicals comprising 1 to .bc« 12 cari»n 
a,«ns.whidi serves to Unks two strucmres together. 

,he,erm™r«sedaloneorassuffixorprefU.refersto.monovaU^ 

^^ghtorbranchedchainhyd^K^rbonradical having atleas. one carbon^ 
doublebond««lcomprisingat!east2nptoabo«12ca.bonatoms. 

m .enn W used alone or as suffix or prefix. »fe.s ,0 a monowaent 
^gbrorbranchedchainhydrocart»n,adic.lhavingatle.stonecart»n<^ 
3 Hptebondandcomprisingatleast2uptoabo».12cart>onatoms 

Theterm"cyc!oalkyl,"usedaloneorassuffixorprefix.refexsto. 
.onovalentring^ontaimnghydrocarbonradicalcomprisingatleastsupto*^^^ 



carbon atoms. 
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T,« .e™ "cycloancenyr us«l alone or as suffix « prduc. «t™ «. a 

d«*tebondandcomprising,tl«s.3up»aboutl2carbona«,n>s 

Thet«m"cyclodk,nyr»sedalo«orass»lfixorp«fe.»l«s»a 

„„„ovalentrf.g-— ghyanK«rtK.»«d»^>»vingatIeast»^ 
,ripl.bondandcompristagabout7up»abo»tl2caAona«»s. 

Th..em"aryr.usedalo„eorassufaxorprefix,»f«stoahyd«c«bon 

^ca.havi«goneorn.o*polyu,«atura.edca*ond„gshavi,ga™maaccb^^^ 

4„,2de.ocalizede.«wms)andco»prisi„g5»ptoaboutl4=a*^ 
wh^eintheradicalislocaadonacarbonoftheaxomaticring. 

The tenn "non-an^n^tic gn,»p" or "»»-aromaBc" used alo.». as suffix or as 
prefix, refers to a chenuoal group or r^cal ftat does no. comain a ring havmg 
aromatic character (e.«., 4n + 2 delocalized electrons). 

The term "arylene" used done or as suffix or prefix, refers to a divalent 
hydrocarbon r»flcal havtog one or nK« polyunsa«»ated carbon rings hawg 
luetic charac^r. 2 delccalized eieCrons) and comprrstug 5 up to about 

14carboi>ajon>s,whichscrvestolinkwostcucturestogether. 

T„eterm"he.erocycle"usedaloneorasas»ffixorptefix..rfer8toarmg- 

con^dning struc«ne or molecule having one or more muWvden. heteroaton^ 
independendyselec.edftomN.O.PandS.asapartofthedngstrucmre»>d 

™d.diBgatIe.s.3andaptoabO«20.t«nsinthering(s).Hete.ocyclem^^ 
«,^orunsatara.ed,co«aidh«onearmoredoub.ebonds.a»^ 
oontaiumorethanonering. W«n a l^terocycle contains mo« to one ,n|g.fte 
. rings^ybc^sedorunf^ed-FusedringsgeneraUyr^tertoatleasttwor^^.^ 
JJlthcteb^ween. Hetcrocycle may have aron>adc character or .pay not have 

aromatic character. ^ ^ 

The tenn -heteroalkyi" used alone or as a suffix or prefix, refers to a radical 

forn«dasares„ltofrepladngoneoru«Kecarbon.*,mof.«alkyl»idioneormo.e 

heteroatoms selected from N.O.P and S. ,_^.ri„p. 
, Tl»te,m"heteroaromatic«as«laloneorasasuffixorp«fix..efc,s«,..»g- 

co.taimngstruc.»reormoleculehavingoneormo.emultivalenthete.oato«.. 
independenfly selected fiom N, O, P and S, as a part of the ring strucmre and 
including a. leas, 3 and up to about 20 Moms in the ring(s). »hete,n die nng- 
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h^ycle by lemoving OK or m<« hydrogens ftMsfiXHn. 
a^vcd^ahc^y=.eby~..eas.on.«.^acar.o«ofanng 

""Tr«.y-"u.e.a>oneorasa.u«.or^.r...«a 
aivalen.raaioalderivedfa»nahe«rocyctebyr«»vh««'ohydrogc..*e«ftom. 

which serves to link two structures togeftet. 

mtenu"heteroaryrusedaloneorasasuffixorpreflx,refer.toa 

hcte^cyciy haviug «omaUc chsracter. wherein the radical of hete«»yclyl .s 
locatedonacMbtmotanaromaticringoftheheterocycIyl. 

■n,e term "heterocycloalkyl" used alone or as a suifix or preSx. ref ers to a 

heterocyclyl that does not have aromatic character. 

-n^ term "hetaroarylene- used aloneorasasuffix or pteax.iefetstoa 

heleiocyclylenehavfaig aromatic character. 

TJ,e.m-1.e.erocycloalkylene".seda.oneorasasufflxorp.e^ 

20 heterocyclylene that does not have aromatic character. 

•n«„enn 'six-memhered" used as prefix refets u, a group havmg a rmg that 

contains six ring atoms. _ „„«„„thsit 

The tenn "five-membered" used as prefix refets to a gtoup havmg a rmg that 

contanis five ring atoms. 
25 Afive.men>be.edri„ghe.eroarylisahe.er„arylwitharmghav.ngfiver«g 

«oms wherein i.2or3ringa.omsa«independenUy selectedfromN.O aadS. 

Exemplary fiv^membered ring h««oa,yls are thienyl. fcryl. pyrrolyl. 
imidazolyl, thiazolyl. oxazolyl.pjTazolyl.isoftiazolyl.isox.«lyI. lA3-t^ly^ 
tt^zolyl. 1.2.3-thiadiazoly., lA3-oxadlazolyl. U.44riazolyI. lA4-dria4azol,l. 
30 lA4^azolyU3.4-triazolyU,3,4-thiadiazolyl. and 1.3.4- oxadiazolyl. 

A sU^mbered ring heteroarylis a heteroaryl wifl. a ring having s,x rmg 
whereto 1. 2 or 3 ring atoms a«= itBe^^endentiy selected ftom N. O and S. 
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Exen^l^y six-™eo,be«d ™g h.t«oar,U are pyridyl. pyrazinyl. pyrimidinyl. 

triazinyl and pyridazinyl. 

Ttetenn"subsa««ed-usedasap»6c«fcrs»asttuct»re.moleadeor 

^3 <;(=0)R. -C(=OPH. -NH. -SH, -NHR. -NR.. -SR. -SO3H. -SOA -S(-^)R. 
CN ^H. -C(=0PR. -a=0)NRz -NRC(=0)R. 0x0 (=0), toino (=NR). ttao (=S), 
and'oxWno (=N-OR). whc»i» each is a C..,*yd«carbyl. For «an^lc. 
substitut^i phenyl may «=fer .0 nittophenyl. pyridylphenyi. metoxyphenyl. 
chlorophenyl. anunophenyl. etc.. wherein *e nitro. pyridyl. me*oxy. chloro. and 
andno groups may replace any Buitabte hydrogen on the phenyl nng. 

The term "sutwitt.ted- used as a suffix of a first structure, molecule or group, 
followed by one or more names of chemical groups refers to a second structure 
^lecule or group. wMch is a result of ^placing one or more hydrogens of fte 
s,ructu>».moleculeor group with theoneormorenamedchemical groups. For 

exam^e. a "phrayl substituted by nitio" refers to nitrophenyl. 

Ite tenn "optionally subsUtuted" refers to both groups, structures, or 
niolecules that are substituted and ftose that are not substituted. 

Heterocycle includes. t« ex-t^le. monocycUc het«oc,cles such as: 
,^dine,oxirane.thiirane.a«tidine.oxetane.thietane.py.n*di.e,pynoIm^^ 

imidazoUdine. pyrazolidh,^ pyrazoline. dioxolane, sulfolane M^Tiydrofu^ 2> 
aa„,arofanmtetiahyd.ofuran.thiophane.piperidine.l.23,6-t^ 

pipera^ne. morpholine. thiomorphdine. pyran. .hiopyxan. 23-dihydropyran, 
tetrahydropyran,l,4-dihydropyridine.l.4^oxane,l>dioxane.dioxane, 

homopiperidine. 2.3.4,7.te.rahydro.UI.azeptoehomopip=.arine. U-d.oxepane,4.7- 

dihydro-U-dioxepin, and hexamethylene oxide. 

m addition, heterocycle includes aromadc heterocyclcs. for example, pyrrdme. 

, pyr.zine.py.imidine.pyridazine.tiuophe„e.turan.taazan.pyrrole.imite^^^^ 
Lazole. oxazole. pyrazole. Uothir^ole. isaxa»lc U^tri^ole. te^le. 1.2> 
thiadiazole. i AS^oxadia^le. 1 A4-.riazolen A4-*iadiazole. l.i4K,xad.azole. U.4- 
triazole. 1.3.4-thiadiazole. and 1,3.4- oxadiazole. 



101232-1 SE 



10 



Addttic»«Uy.he.e«»ycle»compasspolycy=Ucheterocydes.^ 
2 3.dihydrobenzofuran,isobenzotoan.chiomene, Chroma 

be„riso«^e,benzoarioth»e.ben«.xa«>le.benah.azole,b.az 
^a.* U^oxaa^^ ca*»zo»«. "-^""^ 

Zludes ll *an one bo»i oon>mo„ to boft xings and more ftan «vo a«.ms 
:lt:u.U,.ns.. Bxan^^of sucHb.d.e.he.e.cyc.e.ino.^,u— ne. 
diazabicyoloI2.2.1]hepm^ and 7-oxabi«yolot2.Xl]heptane. _ 

Heterocyclyl includes, torexan-ple. monocyclic he^ocydyls. such as. 

^di„yUoJ:y..«^-vl.»-.^*-jYTSI^^ 
^da»uainyUpy«^UdinyUpy-liny,.dioxo.»yi.s«.2^^^ 

25^yd»fl»»yi.te«hy*oftonyUthiopl»nyI,p.pento^^^ 1.2.3,6-«Whydro- 

, p;ridinyl. piperazinyl. morpholinyl, *iomo.pl>oB»yi. pyr».yl. •""''^^ 
lydriyLyl. .c^ahyd^py^nyi. 1.4^y<^ainyl. 1,^^^^ 

^iLylZopiperidinyi, 2^.4,7-««a,yd«-lH-.zepinyl. h«nop^yU 1> 
dioxepanyl. 4.7-dihydro-13-dioxepinyl, and hexamelhylene o«dyl. 

t^:«y.inciudesa.ma.chc««cyciyiso.,»«o.ry^^^ 
5 pyridinyl,pyminyl.pyrimidinyl.pyrid.rinyl.Wteyl.furazanyl.pyrroW^ 

'il. 1« o.azo,y..pyn^^^^ 

lA^^xadiazolyi. 1,3.4-triazolyl. 1.3.«uadi.zo.yl. and W.4 oxad^zdyl. 

Addidonauy. i^te^cyclyl encompasses polycycUc he«««yclyls (m^l^^^ 

„ bod, ,«»»tic o.non^c).f» example, indolyl. indolinyl. isoindolm^. 
^nolinyl.«rahya«>q«inoHnyUis«JuiooB.yl.»«h^^^^ 1.^ 
be»odioxan^i;coamari«yi.dihydroco«marinyl.benzofu»ny.2> 

dihyd^benzoW isobenzofun^y.. cl«omenyl. ctomanyl, ,sochromanyl. 
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1 r-> nhfntvl- and 7-oxal»cyclo[2.2.1]he{)tyL 
diazabicjrolo[2.2. l]heptyl. ana /-ox 

Th= .«m • W 0^ alone or as a suffix orpreflx, «fe» ^» 
,f„m,ula-0-R whe«in-R is selected ftom a hydrocarbon raical. Exemplary 
:;r'I^"-xy.e.oxy.pr^xy.so^poxy>.».y.-^^^^ 
i ,yclopropyta.*h<»y.aIlyloxy.a«lp«>pargyloxy. 

The tenn "aryloxy" used alone or as suffix or prefix, refers to rao. 
.ge„eralformula^-Ar,wherein-Arisanaryl. „ ^.^^dioalsof 

The term "heteroaryloxy" used alone or as suffix or pefix, refers to rao. 
fl„ge„cralfor.<»3la-0-Ar-.«i«rein-A.'isahe.e,oaryI. 
0 Theterm"»».e"orW-»s«ialoneorasasuffixorpref«,rrf«s» 
0 me term »he.ein R and R' are indq)endently selected 

radicals of the general ftonnula -NRR . wherein 

torn hydrogen or a hydiocaibon radical. 

"Acyl" used alone, as a prefix «■ suffix, means -C(=0>R,*he.em K « 

^„„auylbs«tutedhydrocarbyl,hydrogen.aminoorallcox,. Acy,g»ops»clude. 

a ,lexample.acc.yl,propionyl.benzoyl,l*e„ylace.yl.carboe.hox^^ 

dimethylcaibambyl. 

Halogen includes fluorine, chlotir*. bromine and lodme. 

.Hal!gena.ed.»»sed.saprcflxofagroup.mca»o„earmo.ehydroge»son 

fte group is replaced with one or more halogens. 
™n irpv or "rt" means room tempeiature. 

and fte second ring share at least two atoms therebetween. 
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"UnkeC or "linking," unless otherwise specified, means covalently 

Unked or bonded. connected" to a second 

WhenafirstgK>up.stmctaie.oratomis directly conn ^.^^^^ 

^ X ^fAPcecondETOun, structure or atom, 

^hi^mical bond with at least one atom of the secona group, b 

„.«em aU *e bonds conneo^d to m. caAon a»m a« singlo bond. In <«h« wo«is. 
:r:nrlo,.plebondscon„..ed...sca^na»n.and«.c^=^» 

adopts an atomic orlritdhybSdization. 
4ns«»n^cari»n"n«ansac3*on3to.inastn.c.«..moec^^ 
wherein a..easton.bo„dconnco.ed«..hiscarfx»a.omisnotasmg.»bonilnc^ 

~.be«isat..as.onedo„b,eortHp.bonaco™»:.ed.o*isca.^^ 
«asc:*onaton.g«.ranyadop.sa^o„p'ato»co*italhybnd.»uon. 



Onca^oftheinvetttionisacompoundofformulal. aphannaoeuucally 
acceptable salt thereof, aastereon-rs. enantiomers. or mUtares thereof: 



2S 



: 30 



20 wherein 



^K.isae,ected^»C...^..C..oa^y'.C.«^^^^ 

c,1i<^'7rW)N(-RV.^'^W=o>=«<'^'>^'^'-^^^^^ 

c::s; c..oa.vi!c(=o)..-n=y^<=»-^<»^'-^'^^^ 

Ci,ohydrocaibylainino.R'R^-,RO-'RC(=0)m«'^. , ^ ^i 

C(=0>.C3.,«cycloaUcyl.C«.ycloall»nyl,C^.erocyclyla^^ 

a^y. whe«in said C.oalRyl. CoalkenVi. ^'f r^^, 

ci.il-C(=0>C..^y..C.,^ycloal..yl^,^.C«oycloal^^^^ 
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Cs^terocyclyl-C^yl. C3^eterocyclyl-C(=0)-Ci^alkyl, CMohydrocarbylamino. 
C6.ioaiyl. C6.ioaryl-C(=0)-. Ca-iocycloalkyl. C4^ycloaltenyl, Cs^heterocyclyl or 
C3^eterocyclyl-C(=0> used in defining is optionally substituted by one or more 
groups selected from halogen, cyano. nitro. methoxy, ethoxy. methyl, ethyl, hydroxy, 

5 and-NR^R**; . 

r2 is selected from Ci.ioalkyl, Cz-ioalkenyl, Ca-ioallcynyl, Cs-iocycloallcyl, C3. 
locycloalkyl-Ci^alkyl, C4.8cycloalkenyl-Ci^kyl, Ca^eteiocycloalkyl-Ci^alkyl, C4. 
gcycloalkenyl, R^R^-. Cs-shetetoaryl, Ce-ioaryl and Cj^eterocycloalkyl, wherdn 
said Cioalkyl, Cz-ioalkenyl, Cj-ioalkynyl, Ca^cycloalkyl, Cj^cycloajkyl-Ci-ealkyl, 

10 C4.8cycloalkenyl-Ci^alkyl, Cs^eterocycloalkyl-Ci^aBcyl, C«cycloalkenyl, C3- 
sheteroaryl, C6.ioaryl or Ca^eterocycloalkyl used in defining R' is optionally 
substitated by one or more groups selected from halogen, cyano, nitro. methoxy, 
ethoxy, methyl, ethyl, hydroxy, and-NR^*^; 

wherein R^ R* and r"' are independently selected from -H, Cioalkyl, C2- 

15 galkenyl, Cj^alkynyl, and a divalent Ci-ggroup that together with another divalent R^ 
R^ or R^ fomis a portion of a ring; 

R^ is selected from -H, Ci.ioalkyl, C^oalkenyl, C2-ioalkynyl, CMocycloalkyl, 
C3-iocycloalkyl-C,^kyI, C4^ycloalkenyl-C,.6alkyl, Ca^eterocycloalkyl optionally 
subsitituted with one or more groups selected from Ci^salkyl, halogen, amino and 



20 Ci^alkoxy, s . u« 

each of R* and R* is independentiy selected from -H, Ci-walkyl, Cz-ioalkenyl, 
C2.ioalkynyl, Cj-jocycloalkyl, Ca-iocycloalkyl-Ci^alkyl, Ca^heterocyclyl, Cg-ioaiyl, 
Cs^eterocylcyl-Cwalkyl, Cs-ioaiyl-Ci^alkyl, and a divalent Ci^groiq) that together 
with another divalent group selected from R* and r" forms a portion of a ring, 
: 25 wherein said Cwoalkyl, C2.ioalkenyl, Cwoalkynyl, Ca-iocycloalkyi. Ca-iocycloalkyl- 
!*•*: Ci.6alkyl,C3^eterocyclyl,C6-ioaryl,C3^eterocylcyl-Ci^aIkyl.C6.ioaiyI-^^^ 

. divalent Ci^group is optionaUy substituted by one or more groups selected from 

III halogen, cyano, nitro, methoxy, ethoxy, methyl, ethyl, hydroxy, and -NR^®; and 

r4 is selected from-H, Ci.ioalkyi, CMoalkenyl, Cj-ioalkynyl, Ca-iocycloalkyl, 
30 C3,iocycloalkyl-Ci.6alkyl,andC4^cycloalkenyl-Ci.6aIlqrl. 
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Particularly, the compounds of the present invention are those of fonnula I. 
wherdn 

R» is selected ftom C^ialkyl, Cz^alkenyK Cz^ialkynyl, phenyl-C^U 
C3.,ocycloalkyl-C,^alkyl, C^cycloalkenyl-Ct^l, Cs^et^ocyclyl-Ci^l, 
Ce-ioaryl, Cs-iocycloalkyl. Ca^eterocyclyl and C4^ycloalkenyl, wherein said C,. 
6aIkyU C2^enyl, Cz-^alkynyl. phenyl-C^alkyl, Cs-iocycloalkyl-C^alkyl. 
C4^ycloalkenyl-Ci^l, Ce-ioaryl, Ca^eterocyclyl-CMalkyl. Ca-iocycloalkyl, C3. 
eheterocyclyl and C^cycloalkenyl used in defining R» is optionally substituted by one 
or more groups selected from halogen, cyano» nitro. methoxy, ethoxy. methyl, ethyl. 

hydroxy, and -NR^R^; 

r2 is selected from Ci^alkyl. Cz-fialkenyl, C>6cycloaIkyl. C3^ycloalkyl- 
Ci^alkyl, C4^iCycloalkenyl-Ci4aIkyl. Cs^eterocycloalkyl-C^alkyl, C4- 
ficycloalkenyl. C3-5heteroaryl. R^^-. and phenyl, wherein said Ci^alkyl, C2. 
ealkenyl. Ca^cycloalkyl, Ca^ydoalkyl-C^yl. C4^ycloalkenyl-CMalkyl. 
C3^eterocycloalkyl-C,^i. C^cycloalkenyl. Ca-sheteroaxyl. R^'^N-, and phenyl 
used in defining R^ is optionally substituted by one or more groups selected ftom 
halogen, cyano, nitro, methoxy. ethoxy, methyl, ethyl, hydroxy and -NR^^ 

R^ is selected from -H, Cwalkyl, Cz^alkenyl. C3-6cycloalkyl, C3- 
fiheterocycloalkyl optionally subsitimted with one or more groups selected from 



and R^-'^y 
Ci-eaMcyl and halogen, ; 

each of R* and R' is independently selected from -H, Ci-ealkyl. Cj^alkenyl. 
C3^ycloalkyl. Ca^cycloalkyl-Ci^l. Ca^eterocyclyl and Ca^eterocylcyl-Ci. 
ealkyl. wherein said Ci^alkyl. Cz^alkenyl. C3^cycloalkyl. Cj^ycloalkyl-Cwalkyl. 
Cs^eterocyclyl and Cj-eheterocylcyl-Ci^l are optionally substituted by one or 
moie groups selected from halogen, cyano, nitro, methoxy, ethoxy. methyl, ethyl. 

hydroxy and -NR^^; and 

r\ and R^ are independently selected from -H and Ci-salkyl. 

More particularly, the compounds of the present invention are those of 
fonnulal, 
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wheran is selected ftom C^alkyl, Cz^alkenyl, phenyl-Ci^yl, 
C3.iocycloalkyl-Ci.4alkyl. C^Mscycloalkenyl-CMalkyU Ca^eteiocylcoalkyl-CMalkyl. 
Ce-ioaiyl. Cs-jocycloalkyl, and C4^1oalkenyl, whei^n said C^l, Ca^nyl. 
phenyl-Cwalkyl. CMocycloalkyl-CMalkyl, C«cycloalkenyl-Cwalkyl, C3. 
5 fiheterocylcoalkyl-CMalkyl, C^-ioaryl. Ca-iocycloallcyl, and C4.6cycloalkenyl used in 
defining R' is optionally substituted by one or more groups selected from halogen, 
methoxy, ethoxy, methyl, ethyl, hydroxy, and -NRV; 

r2 is selected from Cealkyl. Cz^alkenyl, Cs^icycloalkyl and Cs^cycloalkyl- 
CMalkyU wherein said Ci^alkyl. Cz^enyl, Cs^ycloalkyl and Cs-ecycloalkyl- 
10 Ci^alkyl used in defining R^ is optionally substituted by one or more groups selected 
from halogen, methoxy, ethoxy, methyl, ethyl, hydroxy and -NR^^; 

r3 is selected from Cs^eterocycloalkyl optionaUy subsitituted with one or 



^ „ , and R'-'^y . 
more Ci^alKyl » 

wherein said Cj^heterocyclpalkyl contains at least one nitrogen ring atom and 
15 the radical of Cs^eterocycloalkyl is located on the at least one nitrogen ring atom, 
and each of R* and R* is independently selected from -H, C ^alkyl. morphoiinyl- Ci. 
aalkyl, pyrroUdinyl-Ci-salkyl, and piperidinyl-Ci-aalkyl. wherdn said Cwalkyl. 
morphoiinyl- Caalkyl, pyrroUdinyl-C,-3alkyl, and piperidinyl-Csalkyl are optionally 
substituted by one or more groups selected from halogen, methoxy, ethoxy, methyl, 

20 ethyl, hydroxy and -NR V; and 

R*. R^ and R^ are independently selected from -H and Ci-salkyl, 

Most particulariy, the compounds of the present invention are those of formula 
I, wherein 

*. * 25 R^ is selected from cyclohexyhnethyl, cyclopentylmethyl, cyclobutyhnelhyl, 

:■!•. cyclopiopylmelhyl,cyclohexyiethyl, cyclopentylethyl, tetrahydropyranyhnethyl. 

i- / tetrahydrofuranyhnethyl, 1-piperidinyletfi)^, N-methyl-2-piperidinyhnethyl and 

; . benzyl; 

r2 is selected from t-butyl, n-butyl, 2-methyl-2-bmyl. isopentyl. 2-methoxy-2- 
_:-:.l30. propyl.2.hydroxyl-propyl,l-methyl-prepyl,l,l-dimethyl-pipp3a.^ 
buten-l-yl, ethyl, and 2-propyl; 
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r3 is "'"^^ , wherdn R^ and R' aie selected ftom -H and Caalkyl. 

It will be understood that when compounds of the present invention contain 
one or more chiral centers, the compounds of the invention may exist in. and be 
isolated as, enantiomeric or diasteieomeric forms, or as a racemic mixture. The 
present invention includes any possible enantiomers, ^astereomers, racemates or 
mixtures thereof, of a compound of Formula L The optically active forms of the 
compound of the mvention may be prepared, for example, by chu^ chromatographic 
separation of a racemate, by synthesis from optically active starting materials or by 
asymmetric synthesis based on the procedures described thereafter. 

It will also be appreciated that certain compounds of the present invention may 
exist as geometrical isomers, for example E and Z isomers of alkenes. The present 
invention includes any geometrical isomer of a compound of Formula 1. It wUl 
fijither be understood that the present invention encompasses tautomers of the 
compounds of the formula I. 

It will also be understood that certain compounds of the present invention may 
exist in solvated, for example hydrated, as weU as uhsolvated forms. It will further be 
understood that the present invention encompasses all such solvated forms of the • 
compounds of the formula I. 

Within the scope of the invention are also salts of the compounds of the 
formula L Generally, phaimaceutically acceptable salts of compounds of the present 
invention may be obtained using standard procedures well known in the art, for 
example by reacting a sufficiently basic compound, for example an alkyl amine with a 
suitable acid, fw example. HQ ot acetic add, to afford a physiologically acceptable 
anion. It may also be possible to make a corresponding alkaK metal (such as sodium, 
potassium, or lithium) or an alkaline earth metal (such as a calcium) salt by treating a 
compound of the present invention having a suitably acidic proton, such as a 
caiboxylic add or a phenol witii one equivalent of an alkaH metal or alkaline earth 
metal hydroxide or alkoxide (such as the ethoxide or methoxide). or a suitably basic 
organic amine (such as choUne or meglumme) in an aqueous medium, followed by 
. conventional purification technique. , . 
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In one embodiment, the compound of formula I above may be converted to a 
pharmaceudcally acceptable salt or solvate thereof, particularly, an acid addition salt 
such as a hydrocMoride, hydiobtomide, phosphate, acetate, fiimarate, maleate, 
tartrate, citrate, methanesulphonate or p-toluenesulphonate. 

We have now found that the compounds of the invention have activity as 
pharmaceuticals, in particular as modulators or ligands such as agonists, partial 
agonists, inverse agonist or antagonists of CBl receptors. More particularly, the 
compounds of the invention ©thibit activity as agonist of tiie CB 1 receptors and are 
useful in therapy, especially for relief of various pain conditions such as chronic pain, 
neuropathic pain, acute pain, cancer pain, pain caused by rheumatoid arthritis, 
migraine, visceral pain etc. This list should ho>yever not be interpreted as exhaustive. 
Additionally, compounds of the present invention are useful in other disease states in 
which dysfunction of CBl receptors is present or impUcated. Furthermore, tiie 
compounds of the invention may be used to treat cancer, multiple sclerosis, 
Parkinson's disease, Huntington's chorea, Alzhamer's disease, anxiety disorders, 
gastrointestinal disorders and cardiavascular disorders. 

Compounds of tiie invention are useful as inraiunomodulators, especially for 
autoimmune diseases, such as aitiiritis, for skin grafts, organ transplants and similar 
surgical needs, for collagen diseases, various allergies, for use as anti-tumour agents 

and ainti viral agents. 

Compounds of the invention are useful in disease states where degeneration or 
dysfunction of cannabinoid receptors.is present or impKcaJed in tiiat paradigm. This 
may involve the use of isotopically labelled versions of the compounds of die 
mvention in diagnostic techniques and imaging applications such as positron emission 

tomogrs^hy iytsi). 

Compounds of die invention are useftil for the treatinent of diarriioea, 
depression, anxiety and stress-related disorders such ks post-tiaumatic stress 
disorders, panic disorder, generalized anxiety disorder, social phobia, and obsessive 
compulsive disorder, urinary incontinence, premature ejaculation, various mental 
iltoesses. cough, lung oedema, various gastro-intestinal disorders, e.g. constipation, 
fonctional gastiointestinal disorders such as Initable Bowel Syndrome and Functional 
D3;^pilia, Parkinson's disease and other motbr disordeis. traumatic brain injury;^ 
stroke, cardioprotection following miocardial infarction, spinal injury and drug 
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addiction, including the treatment of alcohol, nicotine, opioid and other drug abuse 
and for disorders of tiie sympathetic nervous system for exaiiq>le hypertension. 

Compounds of the invention are useful as an analgesic agent for use during 
general anaesthesia and monitored anaesthesia care. Combinations of agents with 
5 different properties are often used to achieve a balance of effects needed to maintain 
the anaesthetic state (e.g. anmesia, analgesia, muscle relaxation and sedation). 
Included in this combination are inhaled anaesthetics, hypnotics, anxiolytics, 
neuromuscular blockers and opioids. 

Also within the scope of the invention is the use of any of the compounds 
10 according to the formula I above, for the manufacture of a medicament for the 
treatment of any of the conditions discussed above. 

A further aspect of the invention is a method for the treatment of a subject 
suffering from any of the conditions discussed above, whereby an effective amount of 
a compound according to the formula I above, is administered to a patient in need of 
15 such treatment. 

Thus, the invention provides a compound of formula I, or pharmaceutically 
acceptable salt or solvate thereof, as hereinbefore defined for use in therapy. 

In a further aspect, ihe pr^nt invention provicbs the use of a compound of 
foimula I, or a pharmaceutically acceptable salt or solvate hereof, as hereinbefore 
20 defined in die roanufacUire of a medicament for use in th^py. 

In the context of the present specification, the term "therapy" also includes 
"prophylaxis" unless there are specific indications to the contrary. The term 
"therapeutic" and "therapeutically" should be contrued accordingly. Hie term 
"thenipy" within die context of the present invention further encompasses to 
25 administer an effective amiount of a compound of the preset invention, to mitigate 
" " '* either a pre-existing disease state, acute or chronic, or a recurring condition. Tbis 

- definition also encompasses prophylactic therapies for prevention of recurring 

-' conditions and continued therapy for chronic disorders. 

* [ * Tlie conq)ounds of the present invention are useful in tiieiapy , especially for 

"/ i 30 the thCTapy of various pain conditions including, but not limited to: acute pain, 

A <■ 4 

^ , * chronic pain, neuropathic pain, back pain, cancer pain, and visceral pain. 

111 use for therapy in a warm-blooded animal such as a human, the compound 
*• of the invention may be administered in the form of a conventional pharmaceutical 
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CQxnposition by any route including orally, intramuscularly, subcutaneously, topically, 
intranasally, intraperitoneally, intrathoracially, intravenously, epidurally, 
intrathecally, intracerebroventricularly and by injection into the joints. 

In one embodiment of the invention, the route of administration may be oral, 
intravenous or intramuscular. 

The dosage will depend on the route of administration, the severity of the 
disease, age and weiglit of tiie patient and other factors normally considered by the 
attending physician, when determining the individual regimen and dosage level at the 
most appropriate for a particular patient. 

For preparing pharmaceutical compositions from the compounds of this 
invention, inert, pharmaceutically acceptable carriers can be either solid and liquid. 
Solid form preparations include powders, tablets, dispersible granules, capsules, 
cachets, and suppositories. 

A solid earner can be one or more substance, which may also act as diluents, 
flavoring agents, solubilizisrs, lubricants, suspending agents, binders, or table 
disintegrating agents; it can also be an encapsulating material. 

In powders, the carrier is a finely divided solid, which is in a mixture with the 
finely divided compound of the invention, or th& active component In tablets, the 
active component is mixed with tbe carrier having the necessary binding properties in 
suitable proportions and compacted in the shape and size desired. 

For preparing suppository compositions, a low-melting wax. such as a mixture 
of fatty acid glycerides and cocoa butter is first melted and the active ingredient is 
dispersed therein by, for example, stirring. Hie molten homogeneous mixture in then 
poured into convenient sized moidds and allowed to cool and solidify. 

Suitable canters are magnesium carbcmate, magnesium stearate, talc, lactose, 
sugar, pectin, dextrin, starch, tragacanth, methyl cellulose, sodium carboxymethyl 
cellulose, a low-melting wax, cocoa butter, and the like. 

The tsna composition is also intended to include the formulation of the active 
component with aurs^sulating material as a carrier providing a capsule in which the 
active component (with or without odier carriers) is sunounded by a carrier which is 
thus in association with it. Similarly, cachets are included. 

Tablets, powders, cachets, and capsules can be used as solid dosage forms 
suitable for oral administration. 
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liquid fbnn compositions include solutions, suspensions, and emulsions. For 
example, sterile water or water piopjdene glycol solutions of Ihe active compounds 
may be Hquid preparations suitable for parenteral administration. liquid 
compositions can also be formulated in solution in aqueous polyethylene glycol 
5 solution. 

Aqueous solutions for oral administration can be prepared by dissolving the 
active component in water and adding suitable colorants, flavoring agents, stabilizers, 
and thickening agents as desired. Aqueous suspensions for oral use can be made by 
dispersing the finely divided active component in water together with a viscous 
10 material such as natural synthetic gums, resins, methyl cellulose, sodium 

carixjxymethyl ceUulose, and other suspending agents known to the pharmaceutical 
formulation art. 

Depending on the mode of administration, the pharmaceutical composition 
will preferably include from 0.05% to 99%w (per cent by wdght), more preferably 
15 from 0. 10 to 50%w. of the compound of the invention, all percentages by weight 
being based on total composition. 

A therapeutically effective amount for the practice of the present invention 
may be detennined, by the use of known criteria including tiie age, weight and 
response of the individual patient, and interpreted within the context of tiie disease 
20 which is being treated or which is being prevented, by one of ordinary skills in die art. 

Within the scope of the invention is the use of any compound of formula I as 
defined above for the manufacture of a medicament. 

Also within the scope of the invention is the use of any compound of formula I 
for the manufacture of a medicament for the therapy of pam. 
25 Additionally provided is tiie use of any compound according to Fbnnula I for 

the manufacture of a medicament for die therapy of various pain conditions including, 
but not limited to: acute pain, chronic pain, neuropathic pain, acute pain, back pain, 
cancer pain, and visc^^ pain. 

A furthar aspect of the invention is a metiiod for tijerapy of a subject suffering 
30 from any of the conditions discussed above, whereby an effective amount of a 

compound according to the formula I above, is admmisteied to a patient in need of 
such therapy. 
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Additionally, there is provided a phannaceutical composition comprising a 
compound of Fonnula I, or a phannaceutically acceptable salt tfaeteof, in association 
-with a phannaceutically acceptable earner. 

Particularly, there is provided a phannaceutical composition comprising a 
5 compound of Fonnula I, or a phannaceutically acceptable salt thereof, in association 
with a phannaceutically acceptable earner for therapy, more particularly for therapy 
of pain. 

Further, there is provided a pharmaceutical composition comprising a 
compound of Fonnula I, or a phannaceutically acceptable salt thereof, in association 
10 with a phannaceutically acceptable carrier use in any of the conditions discussed 
above. 

Another aspect of the invention is a method of preparing the compounds of the 
. present invration. 

In one embodiment, the method of the invention is a method for preparing a 
15 compound of formula I, 



of 

I 

comprising the step of reacting a compound of formula II, 

of 



20 S 

with a compound of R^COX, in the presence of a base, such as an allqdamine. and 
optionally a coupling reagent, such as HATU, EDC, followed by treatment with an 
acid such as AdDH, 
wh^ein 

25 X is selected IBrom CI. Br, F and OH; 
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R* is selected ftom Ci-ioalkyl. Ca-ioalkenyl, Ci-ioalkynyl, R^'T^-Ci-salkyl, 
R^O-Ci^ alkyl, R^C(=0)N(-RVCi^alk3i, R^R^(=0)2-Ci^ialkyi, R^CS(=0)2N(-R^ 
Ci.6alkyl. R^R*NC(=0)N(-R'')-Ci^a]lcyl. R^'lSfS(=0)2N(R'>Ci.6alkyl, Cg-ioaryl- 
Ci^alkyl. C6-ioaryl-C(«0)-Ci^alkyl, C3-iocycloalkyl-C,^alkyl, C4-8cycloalkenyl- 
5 Ci^kyl. Ca^eterocyclyl-Ci^alkyl, C3^eterocycIyl-C(=0)-Ci^alkyl, 
Ci-iohydrocarbylamino. R^*N-. R^O-, R'C(=0)N(-RV, R'R'NS(=0)2-. 
r5cS(=KD)2N(-R*>, R^^C(=0)N(-R')-, R^*T^S(=:0)2N(R')-. Ce-ioaryl Ce-ioaryl- 
C(=0)-, Cj-iocycloalkyl, C4-8cycIoalkenyl, Cs^eteiocyclyl and Cj-sheterocyclyl- 
C(=0)-; wherein said Ci.ioalkyl, C2.ioalkenyl, Ca-ioalkynyl, Ce-ioaryl-Ci-ealkyl, 

10 C6.ioaryl-C(=0)-C,^alkyl, Ca-iocycloalkyl-Ci-ealkyl, C4-8cycloalkeiiyl-Ci^lkyl, 

Cs-fiheterocyclyl-Ci^alkyl. C3^heterocyclyl-C(=0)-Cn5alkyl, Ci.iohydrocarbylamino, 
CVioaryl, C6-ioaryl-C(=0)-. Ca-iocycloalkyl, CU-scycloalkenyl, Cs^eterocyclyl or 
C3^heterocyclyl-C(sO)- used in defining R* is optionally substituted by one or more 
groups selected from halogen, cyano, nitro, methoxy, ethoxy, methyl, ethyl, hydroxy, 

15 and-NRV; 

R^ is selected from Ci.ioalkyl, C2-ioaIkenyl, Cz.ioalkynyl, Cs-iocycloalkyl, C3. 
locycloalkyl-Ci^ealkyl, C4-8cycloalkenyl-Ci^alkyl.C3.6heterocycloalkyl-Ci.6alkyl, C4. 
scycloalkenyl, R^*N-, C^heteioaryl, CMoaryl and Ca^eterocycloalkyl, wherein 
said Ci.ioalkyl, C2.ioalkeriyl, C2.ioalkynyl, Cg-gcycloalkyl, C3.8cycloaIkyl-Ci^jalkyl, 
20 C4.8cycIoalkenyl-Ci.6alkyl, C3^heterocycloalkyi-Ci.6alkyl, C^cycloalkenyl, C3- 
sheteroaryl, Cs-ioaryl or Cs^eterocycloalkyl used in defining R^ is optionally 
substituted by one oi: more groups selected from halogen, cyano, nitro, meUioxy, 
edioxy, methyl, ethyl, hydroxy, and -NR*R*; 

wherdn R*, R® and R^ are indq>endently selected ftom -H, Ci-ealkyl, C2. 
25 salkenyl, ^.^alkynyl, and a divalent Ci^sgroup that together with anotiier divalent R^, 
R^ or R^ forms a portion of a ring; 

R^ is selected from -H, Ci-ioalkyl, Ca-ioalkenyl, C2.ioalkynyl, Cs-iocycloalkyi, 
Ca-iocycloalkyl-Ci^alkyl, C4.8cycloalkenyI-Ci.6aIkyI, Ca^iheterocycloalkyl optionaHy 
subsitituted with one or more groups selected from C^alkyl, halogen, amino and 



30 Ci.6alkoxy, 



i|J7 and R-o^^ 
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each of and R' is independently selected from -H» Ci.ioalk>i, C2-ioalkenyi, 
C2.ioalkynyl, Cs-iocycloalkyl, Cs-iocycIoalkyl-Ci^alkyl, Cs-eheterocyclyl, Ce-ioaryl, 
C3^eterocylcyl-Ci.6alkyI, Ce-ioaryl-Ci^allo'l, and a divalent Ci^group that together 
with another divalent group selected from and forms a portion of a ring, 
wherein said Ci.ioalkyl, Cz-ioalkenyl, C2-ioalkynyl, Cs-iocycloalkyl, Ca-iocycloalkyl- 
Ci.«alkyl, Cs^eterocyclyl, C^ioaryl, Cs^eterocylcyl-Ci-eaScyl, Ce-ioaryl-Cj^alkyl, or 
divalent Ci^group is optionally substituted by one or more groups selected from 
halogen, cyano, nitro, methoxy, ethoxy, methyl, ethyl, hydroxy, and— NR^R^; and 

R* is selected from -H, Ci.ioalkyl, Ca-joalkenyl, Cz-ioalkynyl. Ca.jocycloalkyl, 
Ca-iocycloalkyl-Ci^fialkyl, and Ciwcycloalkenyl-Cmjalkyl. 



Particularly, the method of the invention is a method of preparing a compound 
of formula I, wherein 

X is selected from CI, Br, F and OH; 

R' is selected from Ci^calkyl, C2^alkenyl, phenyl-Ci^alkyl, Cs-iocycloalkyl- 
Ci^alkyl, C4^cycloaIkenyI-CMalkyI, Q-ioaryl. Ca^heterocyclyl-Ci^alkyl, 
Cj-iocycloalkyl; and C4-6cycIoalkenyl, wherein said Ci^ealkyl, C2^a]kenyl, phenyl- 
Ci^allcyl, Ca-iocycloallE^l-Ci^alkyl, C44cycIoalkenyl-Ci.4aIlsyl, Ce-ioaryl, 
Cs-eheterocyclyl-Ci^alkyl, Ca-iocycloalkyl, and C4.6cycloalkenyl used in defining R* 
is optionally substituted by one or more groups selected from halogen, methoxy, 
ethoxy, methyl, ethyl, hydroxy, and-NR^R*; 

R^ is selected from Ci^aU^l, C2.4alkenyl, Cs^scycloalkyl and Cs-^cycloalkyl- 
Ci.4alkyl, wherein said Ci.€alkyl, Ca^kmyl, Cs^ycloalkyl and C3.6cycIoa]kyl- 
Ci^alkyl used in defining R^ is optionally substituted by one or more groups selected 
from halogen, methoxy, ethoxy, methyl, ethyl, hydroxy and -NR^R^; 

R^ is selected from -H, Ci.3all^l, C3.6heterocycloal]cyl optionally subsitituted 

and R^'^'^y 
with one or more Ci^alkyl, ; 

wherein said Ca-ah^ocycloalkyl contains at least one nitrogen ring atom and 

the radical of Ca^eterocycloall;^! is located on the at least one nitrogen ring atom, 

and each of R^ and R' is independently selected from — H, Ci^alkyl, moipholinylr.Cj, 

aalkyl, pyrrolidinyl-Ci-aalkyl, and piperidinyl-Ci-salkyl, wherein said Ci^kyl, 
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morpholinyl- Ci.aalkyl, pyrrolidmyl-Ci-aalkyl, and piperidinyl-Ci-aalkyl are optionaUy 
substituted by one or more groups selected from halogen, methoxy. ethoxy, methyl, 
ethyl, hydroxy and-NR^*; and 

R^ and R*' are independraiay selected from -H and Ci-aalkyl. 

Compounds of the present invention may also be prepared according to the 
synthetic routes as depicted in Scheme 1. 

Scheme 1. A synthetic route used for the synthesis of compounds Including Examples 1-3.- 



RCoa 



base. e.g. DIPEA 
eoivent, e.g. CHgClj 



1) reduction, e.g. Hj, Pd 
solvent, e.g. EtOAc 

2) R2COY 
when Y=C1 
base, e.g. DMAP 
solvent, e.g. CHgCtz 

whenYsOH 
t»se, e.g. DIPEA 
solvent, e.g. DMF 
coupHng reagent. e.g. HATU 



3) solvent. e.g. AcOH 
add, e.g. AeOH 

microwave oven heatii^. iOO-190>C 



T"YY ^ 

O K.ai^p base. e,g. BtjH 

solvent, e.g. BOH 
50.150BC 

when R=OMe: 

1} rsdudng agent, e.g. UAIH4 
solvent, e.g. THF 



MeO^N 



NO, 



2) R3-SO2CI 
base, e.g. DMAP 
solvent, e.g. CHgClj 



when R=Me: 
1) acid. e.g. HQ 
sdvmt, e.g. 1.2-dlchioroetti8ne 



o • 



^ RS-SOgCI 
base. e.g. DhAAP 
soh^enl, e.g. Cl^CI^ 



10 



R*. f**, R* and Ft* are as defined In the specHiraUons. 



Bioloeical Evaluation 
. hCBi and hCB^t rccep ^w hinding 

Human CBi recqitor from Receptor Biology (hCBl) or human CB2 receptor 
15 from BioSignal (hCB2) membranes are thawed at 37 •'C, passed 3 times through a 25- 
gauge blunt-end needle, diluted in the cannabinoid binding buffer (50 mM Tils, 2.5 
mM EDTA, 5 mM MgCh, and 0.5 mg/mL BSA fatty acid free, pH 7.4) and aliquots 
- containing the appropri.ate.amount of protein are distributed in .96-well plates. The 
IC50 of the compounds of the invention at hCBi and hCBa are evaluated from 10-point 
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dose-response curves done with *EI-CP55.940 at 20000 to 25000 d^m per wen (0,17- 
0.21 nM) in a final volume of 300 ft\. The total and non-specific binding are 

determined in the absence and presence of 0.2 /zM of HU210 respectively. The plates 
are vortexed and incubated for 60 minutes at room temperature, filtered through 
Unifilters GF/B (presoaked in 0.1% polyethyleneimine) with the Tomtec or Packard 
harvester using 3 mL of wash buffer (50 mM Tiis. 5 mM MgCU, 0.5 mg BSA pH 
7.0). The filters are dried for 1 hour at 55 °C. The radioactivity (cpm) is counted in a 
TopCount (Packard) after adding 65 /il/well of MS-20 scintillation liquid. 

hCB| and hCB^ GTPvS binding 



Hximan CBi receptor ftom Receptor Biology (hCBI) or human CB2 receptor 
membranes (BioSignal) are thawed at 37 "C. passed 3 times through a 25-gauge 
blunt-end needle and diluted in the GTPyS binding buffer (50 mM Hepes, 20 mM 
NaOH, lOO.mM NaCl, 1 inM EDTA, 5 mM MgCla. pH 7.4. 0.1% BSA). TheECso 
and Enm of the compounds of the invention are evaluated from 10-point dose- 
response curves done in 300/d with the appropriate amount of membrane protein and 
100000-130000 dprn of GTPg^S per well (0.11 -0.14 nM). The basal and maximal 
stimulated binding is determined in absence and presence of 1 pM O1CB2) or 10 fiM 
(hCBi) Win 55,212-2 respectively. The membranes are pre-incubated for 5 minutes 
witii 56.25 fiU (hCB2) or 112.5 pM (hCB,) GDP prior to distribution in plates (15 
jttM (hCBs) or 30 pM (hCBi) GeDP final). The plates are vortexed and incubated for 
60 minutes at room temperature, filtered on Unifilters GF/B ^iresoaked in v/ater) witii 
the Tomtec or Packard harvester using 3 ml of wash buffer (50 mM Txis. 5 mM 
MgCl2, 50 mM NaCl, pH 7.0). The filters are dried for 1 hour at 55 Xi, The 
radioactivity (cpm) is counted in a TopCount (Packard) after adding 65 /tl/well of 
MS-20 scintillation liquid. Antagonist rev&csal studies are done in the same way 
exc^ that (a) an agonist dose-response curve is done in the presence of a constant 
concentration of antagonist, or (b) an antagonist dose-response curve is done in the 
presence of a constant concrattation of agonist 

Based on the above assays, the dissociation constant (]Sa) for a particular 
AornpQjmd of tiie invention towards a particular receptor is detMmined. using Ae. .... . 

following equation: 




Ki=IC5(/(l+[rad]/Kd), 
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Wherein ICso is the conc«itration of ihe compound of the invention at which 
50% displacement has been observed; 

[rad] is a standaid or reference radioactive Hgand concentration at that 

moment; and 

5 Kd is the dissociation constant of the radioactive Ugand towards the particular 

receptor. 

Using the above-mentioned assays, the Ki towards human CBi receptors for 
most compounds of the invention is measured to be in the range of 5 - 25 nM. The Ki 
towards human CB2 receptors for most compounds of the invention is measured to be 
10 in the range of about 0.7 -3.5 nM. The EC50 towards human CBi receptors for most 
compounds of the invention is measured to be in the range of about 24-84 nM. The 

towards human CBi receptors for most compounds of the invention is measured 
to be in the range of about 105-1 16%. 



15 



25 



EXAMPLES 



The invention will further be described in more detail by the following 
Examples which describe methods whereby compounds of the present invention may 
be prepared, purified, analyzed and biologically tested, and which are not to be 
20 construed as limiting the invention. 

Example 1 

JV-[2p*ert-Birtyl-l-(cydohexyliiiethyl)-lH-benzinudazol-^^ fN'- 
b-imethylsulfendde 

N 9 I 




Step A. iV424Bf<-Bufyl-l-(cydohexylmethyI)-lH-ben2amidazol-S-yll-iV^^ 
trimethylsulfaimde 
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2-tert-Butyl-l-(cyclohexylmethyl)-N-methyl-lH.benzi^ (40 mg. 

0.133 mmol) (for preparation, see the following steps B, C, D, E and F) and 
dimethylsulfamoyl chloride (0.020 mL. 0.173 mmol) were stirred in 3 mL of 
dichloromethane containing a catalytic amount of DMAP overnight at rt. The solvent 
was evaporated. The product was purified by reversed-phase HPLC using 20-80% 
CH3CN/H2O and then lyophiUzed affording the title compound as the corresponding 
TFA salt Yield: 36 mg (52%); NMR (400 MHz, MErHANOL-I>4) S 1.22 (m, 
5H). 1.62 (m. 2H), 1.65 (s. 9H), 1-67 (m, IH), 1.75 (m. 2H), 2.10 (m, IH), 2.81 (s. 
6H). 3.29 (s. 3H), 4.44 (d. J = 7.62 Hz. 2H), 7.64 (dd. J = 9.08, 2.05 Hz, IH). 7.78 (d. 
J = 1 95 Hz. IH). 7.90 (d. J = 8.98 Hz. IH); MS (ESI) (M+H)^407.3; Anal. Calcd for 
C^,H34N40.S + 1.3 TFA + 0.3 H^O: C. 50.60; H. 6.46; N. 10.00. Found: C, 50.64; H, 
6.47; N, 10.15. 



Step B. Methyl (4-fiuoro-3-iiitrophenyl)carbamate 



Methyl chlcroformate (13.2 mL. 170.2 mmol) was added dropwise to a cold (0«C) 
dichloiomethane (200 mL) solution of 4-fluoio-3-nitro aniline (24.15 g, 154.7 mmol) 
and D3PEA (35 mL, 201 mmol). The reaction mixture was. stirred at rt overnight. 
The solution was then diluted with 200 mL of dichloromefliane and washed with 2M 
HQ. hrine and dried over anhydrous MgSO^. The solvent was concentrated and the 
product was direcdy used for next step without further purification. Yield: 35.5 g 
(99%); 'H NMR (400 MHz. CHLOROFORM-D) S 3.81 (s, 3H). 7.02 (s. IH). 7.23 
(m. IH), 7.72.(d. J = 8.59 Hz, IH), 8.17 (dd. J = 6.35. 2.64 Hz. IH). 



St«pC Methyl {4.[(cydohexyhnethyl)anmio]-3-nifrophenyI}carbamate 
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Methyl (4-fluoro-3-nitrophenyl)carbamate (1.00 g, 4.67 mmol) and cyclohexylmethyl 
amine (0.730 mL, 5.60 mmol) were stiired in EtOH (20 mL) containing TEA (1.0 
mL, 7.00 mmol) at 75*'C for 24h. The solvent was concentrated. The residue was 
5 dissolved in EtOAc and washed with 5% KHSO4 solution, saturated NaHCOs 

solution, brine and dried over anhydrous MgS04. The crude product was purified by 
flash chromatography using 4:l/hex:EtOAc on silica gel. Yield: 1.05 g (73%); *H 
NMR (400 MHz, CHLOROFORM-D) 5 1.04 (ddd, J = 24.02. 12.11, 2.93 Hz, 2H), 
1.25 (m, 3H), 1.69 (m, 2H). 1.76 (m, IH), 1,79 (m, IH). 1.83 (mi, IH). 1.86 (m, IH), 
10 3.14 (dd, J = 6.44, 5.66 Hz, 2H). 3.78 (s. 3H), 6.46 (m. IH), 6.84 (d, J = 9.37 Hz. IH), 
7.63 (m, IH), 8.05 (d, J = 2.54 Hz, IH), 8.09 (m. IH). 

Step i>. Methyl {3-animo-44(cydohexyImefeyl)anunoiphenyl}carbainate 




15 Methyl {4-[(cyclohexyImethyl)amiiio]-3-nitrophenyI}caibamate (1.05 g, 3.42 mmol) 
was dissolved in 30 niL of EtOAc containing a catalytic amount of 10% Pd/C. The 
solution was shaken in a Parr hydrogenation apparatus under H2 atmosphere (40 psi) 
. j . at It overnight The solution was filtered throu^ Celite and the solvent ev^orated. 

:. The product was directly used fac the next step witiiout further purification. Yield; 

; 20 950 mg (99%). MS (ESI) (M+H)* 277.9. 

* K « 

I r' Step E. Methyl |>te/f-bntyl-HcydohexylmethyI)-l»-beiiranudaz^ 

:',*. yl]carbamate 
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10 



15 



20 




Methyl {3-aimno-4-[(cyclohexyhnethyl)ainino]phenyllcarbaina^ (950 mg. 3.43 
mmol) and DMAP (100 mg. 0.858 mmol) were dissolved in 25 mL of 
dichloromethane. Trimethylacetyl chloride (0.460 mL. 3.77 mmol) was added m 
dropwiseandthesolutionwasstiiredatrtforlh. Tlie solvent was concentrated. THe 
residue was divided in two portions and each of them was dissolved inSmL of glacal 

AcOH in a sealed tube. The solutions were heated at 150«C using a Personal 
Chemislry Smith Synthesizer microwave instrument for three intervals of 30 mm (3 X 
30 min) The contents of the two tubes were combined and the solvent was 
evapoiated. The residue was dissolved in EtOAc and washed with saturatedNaHCOs 

solution, brine and dried over anhydrous MgS04. Ttie crude product was purified by 
flash chromatography using 3: l/dichloromethane:diethyl ether. Yield: 656 mg (56%); 
»H NMR (400 MHz. CHLOROFORM-D) S 1.08 (m, 2H). 1.18 (m. 3H). 1.54 (s. 9H), 
1.65 (m, IH), 1.69 (m, 2H), 1.73 (dd. J = 5.96, 3.22 Hz, 2H), 2.02 (m. IH). 3.78 (s. 
3H). 4.10 (d. J = 7.42 Hz. 2H). 6.64 (m. IH). 7.25 (d. J = 8.79 Hz. IH). 7.39 (m, IH), 
7.59 (d, J = 1.76 Hz, IH). 

SiBpF. 2^.Biityl.l-(cydohcxyliiiethyl).N-methyl.m.b^ 




I 

HN 




Methyl [2*rt-butyl-HcyolohexytoethylVlH-tenziimdazoI-5-yl]cari^ (650 n«. 
1 89mmoI)wasdissolvedin20mLofraFatO"Cuntomtiogen. IMHCl/ether 
t2 «5 mt, Z65 nmol) was-add«tdK)pvrise and the solution was sttosd at 0°C for 
ISmii, I1A1H4 (360 9.45 nunol) vm then slowly added ^ the solittion vm 
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stined at rt overnight. The reaction mixture was quenched at 0'*C by addition of 
MeOH (5 mL) foUowed by water (10 mL). The solution was diluted with EtOAc and 
washed with saturated NaHCOs solution, brine and dried over anhydrous MgS04. 
The solvent was evaporated and the product was used directly for Step A without 
5 further purification. Tield: 544 mg (96%). NMR (400 MHz. CHLOROFORM-D) 
5 1.08 (s. 2H), 1.17 (m, 3H>, 1.54 (s. 9H), 1.64 (m, 2H), 1.67 (m, 2H), 1.72 (m, 2H), 
2.02 (m. IH), 2.87 (s, 3H). 4.06 (d, J = 7.62 Hz, 2H). 6.60 (dd, J = 8.69. 2.25 Hz, IH). 
7.00 (d, J = 1.76 Hz. IH), 7.12 (d, J = 8.59 Hz. IH). 

10 Example 2 

iV-l2^rf-Buty!-l-(cydohexylniethyI)-lH-benamidazoI-5-yn-N'^-diet^^^^ 
methylsiUfamide 





15 

A solution of diethylamine (0.103 mL, LOO nunol) in 1 naL dichloromethane and 
TEA (0.140 mL, LOO mmol) were added sequentially to a cold (O^'C) solution of 
SO2CI2 (0.160 mL, 2.00 mmol) in dichloromethane (1 mL) under a nitrogen 
20 atmosphere. The solution was then stirred at rt for 3h. Thesolution was washed with 
5% KHSO4 solution, brine and dried over anhydrous MgS04. The solvent was 
concentrated. The residue was thrai dissolved in 1 mL of dichloromethane, to which a 
solution of 2-?ert-butyl-l-(cyclohexylmeth)d)-N-methyl-lH-benzimidazol-5-amine 
'"*- (25 mg. 0.0835 mmol) and DMAP (catalytic) in 1 mL of dichloromethane was added 

^ 25 dropwise. The solution was stirred at rt for 24h. The product was purified by 
\ '-' reversed-phase HPLC using 30-80% CH3CNM2O and lyophiUzed affording the title 

I compound as the corresponding TFA salt Yield: 15 mg (33%); *HNMR (400 MHz, 

'} \ MEmAN0L-D4) 8 1.13 (t, J = 7.13Hz, 6H), 1.24 (m, 5H), 1.63 (m, 2H), 1.67 (s, 

: '•[ _. .9H),J..7p<m. IH). 1.77 (m. 2H).2.12 (m, 1H),3.26 (s, 3H).3.30 (m. 4H)..4.46-(dJf =. 
y'f. 30 7.62Hz, 2H), 7.61 (dd, J = 8.98. 2.15Hz, IH). 7.78 (d. J = 1.95 Hz. IH), 7.89 (d, J = 
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8.98Ife, IH); MS (EST) (M+H)*435.2; Anal. Calcd for C23H38N4O2S + 1.2 TFA + 0.8 
H2O: C, 52.07; H, 7.02; N, 9.56. Found: C, 52.00; H, 7.01; N. 9.55. 

Example 3 

5 iV'-[l-(cydohexylmethyl)-2<l,l-dimeaiylprop3a)-Uf-ben2iiniJa2oI-5 
dimethyl-sulfamide 




Step A. Ar-[l-(cyclohexylniethyl)-2-(l,l-dimethylpropyl)-lH-benriimdazol-5-yl]- 
10 iVt/V-dimethyl-suIfamide 




DMAP (80.1 mg, 0.65 mmol) was added to a solution of l-(cyclohexylmethyl)-2- 
(1 J-dimethylpropyl>l^f-benzinudazol-5-amine (69.5 mg, 0.18 mmol) (for 

15 preparation, see the following steps B, C, D, E and F) in acetonitrile (10 mL) at 0 **C, 
followed by addition of dimethylsulfamoyl chloride (22 uL, 28.7 mg, 0.20 mmol). 
The resulting mixture was heated at reflux for 20 h and then quenched with MeOH (2 
mL). After evaporation of the solvent, the residue was dissolved in EtOAc (100 mL) 
and washed with NaCl aqueous solution (10 mL) and dried over NazSOA. After 

20 filtration and evaporation, Ihe residue was purified by MPLC (hexanes/EtOAc 1: 1 as 
eluent on silica gel) to give the tide compound as a white solid (56.2 mg, 76%), which 
was converted to a white soHd as a TFA salt NMR (400 MHz, CD3OD): 6 0.84 (t, 
J=7v52 Hz, 3 ED. L24-(m, 5 H).-1.64 (m. 2^?);'^h66 (s.-6 H). 1.71 (m.-l H). =1.78(m, 2 
H), 2.01 (q, J=7.55 Hz, 2 H). 2.1 1 (m, 1 H), 2.82 (s, 6 H), 4.44 (d, J=7.81 Hz. 2 H), 
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7.37 (dd, J=8.98. 2.15 Hz. 1 H). 7.69 (d. J=2.15 Hz, 1 H), 7.84 (d, J=8.98 Hz. 1 H); 
MS (ESD (M+H)^: 407.3; Anal. Calcd for C21H34N4O2S + 1.0 TFA + 0.2 H^O: C, 
52.70; H. 6.81; N. 10.69. Found: C, 52.70; H, 6.66; N, 10.45. 

Step B. A^-(4.nuoro-3-nitrophcnyI)acetamidc 

4-Huoro-3-nitro-aniline (45.0 g. 288.2 mmol) was added portionwise to acetic 
anhydride (150 raL) at room temperature. The reaction mixture was stirred at room 
temperature for 2 h. The white soUd was collected and dried in vacuo to give the titJe 
compound (42.0 g, 70%). NMR (400 MHz. CDCls): 5 2.23 (s. 3 H). 7.26 (m. 1 
H), 7.50 (s broad. 1 H). 7.87 (m, 1 H). 8.23 (dd, /=6.44, 2.73 Hz. 1 H). 



Step C. iV44-[(cyclohexylmethyl)amino]-3.mtrophenyl}acetaimde 



rxx 




Cyclohexylmethylamine (2.86 mL. 2.49 g. 22.0 mmol ) was added to a mixture of iV- 
(4-fluoro-3-nitrophenyl)acetanude (3.96 g. 20.0 mmol) and sodium carbonate (4.66 g. 
44 mmol) in EtOH (50 mL) at iX5om temperature. Hie reaction mixture was heated for 
48 h at 60 "t. and dUuted with H^O (800 mL). The orange solid was precipitated out 
and coUected to give the desired product (6.60 g. 100%). MS (ESI) (M+H)^: 292.32. 

StepD. iV-{3-amino-4-[(cyclohexylmethyl)anuno]phenyl)acetaniide 




101232-1 SE 



The above crude product iV.{4-[(cyclohexylniethyl)aimno]-3-mtiophenyl}acetamide 
(6.60 g) was hydrogenated in ethyl acetate (300 mL) catalyzed by 10% Pd/C (0.5 g) at 
20-30 psi H2 in Pair shaker for 4.5 h at room temperature. After fUtratioii through 
celite and concentration. 5.08 g (97%) of a purple soUd was obtained, which was used 
in the next step without further purification. *H NMR (400 MHz. CDCI3): 5 1.00 (m. 2 
H). 1.24 (m. 3 H). 1.59 (m, 2 H), 1.72 (m. 2 H). 1.84 (m. 2 H). 2.13 (s. 3 H). 2.91 (d, 
7=6.64 Hz, 2 H). 3.37 (s broad. 3 H). 6.56 (d. 7=8.40 Hz, 1 H). 6.69 (dd, 7=8.30. 2.25 
Hz, 1 H). 6.98 (s, 1 H), 7.12 (d, 7=2.34 Hz. 1 H). MS (ESI) (M+Hf: 262.31. 

Step E. iV-[l-(cydohexylmethyl)-2-(l,l-«Wn»ethylpropyl)-llf-benzimidazoI-5. 
yllacetamide 






A B 
DMAP (0.65 g. 5.3 nmiol) was added to a suspension of //-{3-amin6-4- 
i(cyclohexyhnethyl)anmio]phenyl}acetamide (2.09 g, 8.0 mmol) in dicWoromethane 
(40 mL) at -10 °C, followed by addition of 2,2-dimethylbutytyl chloride (1.51 g, 11.2 
mmol). The resulting mixture was stirred overnight at room temperature. After 
ev^Kjration of the solvent, 4.14 g of a brown soUd was obtained, which was 
consistent with the desired coupling product A. MS (ESI) (M+H)* = 360.07. 

308.1 mg of the above crude product A was dissolved in 1,2-dichloroethane (5 mL) in 
a Teflon-capped test tube. The vessel was irradiated by microvwave for 3 h at 170 
Upon evaporation of the solvent, the residue was dissolved m EtOAc (100 mL), 
washed with 2N NaOH aqueous solution (10 mL). saturated NaCl aqueous solution 
(10 mL) and dried over Na2S04. After filtration and eviration, the residue was 
purified by MPLC (hexanesffitOAc 1:1 as eluent on siHca gel) to give tiie title 
compound as a Hght yeUow sotid (111.0 mg. 55%), which was converted to a white 
soHd as a TEA salt? % NMR (400 MHz. CD3OD): 5 0.84 (t, J=l52 Hz, 3 H), 1.25 
(m, 5 H). 1.63 (m, 2 H), 1.66 (s, 6 H). 1.70 (m. 1 H). 1.77 (m. 2 H). 2.01 (q. J=7.42 
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Hz, 2 H). 2.10 (m, 1 H). 2.18 (s. 3 H). 4.44 (d. J=7.81 Hz, 2 H). 7.50 (dd, J=8.98, 
Hz. 1 H). 7.84 (d, 1=9.18 Hz, 1 H), 8.44 (d, J-1.76 Hz. 1 H). MS (ESI) CM+H)*: 



5 Step F. l.((^clohexylmetliyI)-2-a,l-dimethylpropyI)-l/I-bcn2imidazol-5 



iV-[l-(cyclohexylmethyl>2-(14-dimethylpropyI)-m-ben^ 
(1 10.0 mg, 0.32 mmol) was dissolved in EtOH (3 mL) and IN HCl (2 mL) in a 
Teflon-capped test tube. The vessel was irradiated by microvwave for 45 min. at 120 
10 ^C. Upon evaporation of the solvent, the title compound was obtained as a grey white 
solid (117.8 mg, 100%). »HNMR(400MHz,CD3OD): 5 0.87 (t, J=7.52 Hz, 3 H), 
1.27 (m, 5 H), 1.66 (m, 3 H), 1.71 (s. 6 H). 1.78 (m, 2 H), 2.05 (q, 7=7.42 Hz, 2 H), 
2.13 (m. 1 H). 4.53 (d. J=7.62 Hz, 2 H), 7.66 (dd, 7=8.79, 1.56 Hz. 1 H). 7.97 (d, 
7=1.76 Hz, 1 H). 8.17 (d. 7=8.79 Hz, 1 H); MS (ESI) (M+H)*: 300.05. 



342.05. 




H 
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What is claimed is: 

1. A compound of formula I or a pharmaceutically acceptable salt thereof: 



is selected from Ci.ioalkyl. Cz-ioalkenyl. Ca-ioalkynyl, R^R*N-Ci-6alkyl, 
R^O-Ci^ alkyl, R^C(=0)N(-R^Cualkyl. R^«NS(-0)2-Ci^l. R^GS(=0)2N(-RV 
Ct^alkyl. R5R^C(=0)N(-R'^)-Ci^alkyl. R'Rte(=0)2N(R"')-Ci^alkyl, Cg-ioaryl- 

10 Ci^alkyl. C6-ioaryl-C(=0)-Ci^alkyl, C3-iocycloalkyl-Ci.6alkyl. C4^cycloalkenyl- 
Cwalkyl, C3^eteiocyclyI-Ci.6alkyl, C3^heterocyclyl-C(=0)-Ci^alkyl, 
C-iohydrocarbylamino. R^R^-, R^O-, R^C(-0)N(-RV, R^R^S(=D)2-. 
r5cS(=0)2N(-R^, R^'^C(=0)N(-R''H R^'^S(=0)2N(R')-, C6-ioaryl, Cfi-ioaryl- 
C(=0)-, Cs-iocycloalkyl. C^cycloalkenyl, Ca^eterocyclyl and Cs^heteiocyclyl- 

15 C(=0)-; wherein said Ci-idalkyl, Cz^ioalkenyl, CMoalkynyl, Ce-ioaryl-Ci^alkyl, 
CVioaiyl-C(=0)-Ci^kyl, CMocycloalkyl-Ci^alkyl, C4.8cycIoalkenyl-Ci-6alkyl, 
Cs^heterocyclyl-C^yl, C3^eteiocyclyl-C(=0)-CwalkyI, Ci.iohydrocarbylamino. 
C6.ioaiyl, C6.ioaryl-C(=OK CMocycloalkyl, C^^ycloaHdenyl, Cj^eterocyclyl or 
C3^eterocyclyi-C(=0> used in defining R* is optionally substituted by one or more 

20 groups selected ftom halogen, cyano, nitro, methoxy, ethoxy, methyU ethyl, hydroxy. 
and-m^R^ 

R^ is selected ftom Ci.ioalkyl, C2-ioaIkenyl, Cz-ioalkynyl, C3.iocycloalkyl, C3- 
locycloalkyl-C^alkyl, C«cycloalkenyl-Ci-6aIkyl. CB^eterocycloalkyi-Ci^alkyl, C4. 
gcycloalkenyl, R^*N-, Cj-sheteioaryl, Ce-ioaryl and Cs^eterocycloalkyl, wherein 
25 said Ci-ioalkyl, Ca-ioalkenyl. C2-ioalkynyl. Ca^jcycloalkyl, Ca^cycloalkyl-Gi-ealkyl, 
C4.8cycloalkenyl-Ci^alkyl, Cs^eterocycloalkyl-C^alkyl, C^cycloalkenyl. C3. 
sheteroaryl, Cg-ioaiyl or Cs^eterocycloalkyl used in defining R^ is optionally 
substituted by one or more groups selected from halogen, cyano, nitro, methoxy.. . ..... 

ethoxy. methyl, ethyl, hydroxy, and-NR^R*; 




5 



I 



wherein 
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wherein R^, and R^ are independently selected ftom -H, Cwalkyl, Cz- 
ealkenyl, Cz^alkynyl, and a divalent Cwgroup that together with another divalent R*, 
or R^ forms a portion of a ring; 

R^ is selected from -H, Ci-ioalkyl, C2-ioalkenyl, C2.ioaIlcynyl, Ca-iocycloalkyl, 
5 C3.iocycloalkyl-Ci.6alkyl. C4^cycloalkenyI-Cwalkyl, C«heterocycloallcyl optionaUy 
• subsitituted with one or more groups selected from Ci^kyl, halogen, amino and Ci. 
6aIkoxy, 

o8-N^. N and R^o^^ 

" f . or' .• . 

each of R* and R' is independently selected from -H. Ci.ioalkyl, C2.ioalkenyI, 
10 C2-ioalkynyl, C3-iocycloalkyl, Ca-iocycIoalkyl-Ci^alkyU Ca^eterocyclyl, Ce-ioaryl, 
Cs^eterocylcyl-Ci^alkyl, Ce-ioaryl-Ci^alkyl, and a divalent Ci^group that together 
with another divalent group selected ftom R* and R^ forms a portion of a ring, 
wherein said CilioalkyI, Ci-ioalkenyl, C2.ioalkynyI, Cs-iocycloalkyl, Ca-iocycloalkyl- 
C,-6alkyl, Cs-eheterocyclyl, Ce-ioaryl, Cs^eterocylcyl-Ci-salkyl, Ce-ioaryl-Ci^alkyl, or 
15 divalent Ci-6group is optionally substimted by one or more groups selected from 
halogen, cyano, nitro, methoxy, ethoxy, methyl, ethyl, hydroxy, and -NR^R^; and 

R'* is selected ftom -H, Ci-ibalkyl, Ci-ioalfcaiyl, Ci-ioalkynyl, Cviocycloalkyl, 
C3.iocycloalkyl-Ci.6alkyl. and CU^ycloalkenyl-Ci^ialkyl. 



20 2. A compound as claimed in claim l.wherdn 

R* is selected from Ci-ealkyl, C24salkenyl, C2^alkynyl, phenyl-CMalkyl, 
Cs-iocycloalkyl-Ci^alkyl, C4^ycloalkenyl-Ci^alkyl, Cs-ioheterocyclyl-CMalkyl, Ce- 
joaryl, Ca-iocycloalkyl, Ca-iohetMocyclyl and C^^cycloalkenyl, wherein said Ci-ealkyl. 
. . : C«alkenyl, Cwalkynyl, phenyl-CMalkyl, Ca-iocycloalkyl-CMalkyl, C4^ycloalkenyl- 

t 25 Ci^aIkyl,C3.ioheterocyclyl<:i.4alkyl,C6-ioaryUC3.iocycloalkyl.C3 
" . - . C4^ycloalkenyl used in defining R* is optionally substituted by one or more groups 

: ' - _ selected from halogen, cyano, nitro, methoxy, ethoxy, methyl, ethyl, hydroxy, and 

I : ' : -NR^^ 

: R^ is selected ftom C^alkyl, Cz^alkenyl. Cs^ycloallqd. Ca^ycloalkyl- 

30 CMalkyl,C4^ycl6alkenyl-Ci:4alkyl,C3^eterdcycl6a^ 
\ V ecycioalkenyl, Ca-sheteroaryl, R^^-. and phenyl, wherran said Ci.6alkyl, C2. 
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ealkenyl, Cs^ycloalkyl, C34icycloaIkyl-Ci.4alkyl. C4.<cycloalkenyI-Cwalkyl, 
Cs^eterocycloalkyl-CMalkyl, C4^ycloalkenyl, Cs-sbeteroaryl, R^*N-, and phenyl 
used in defining is optionally substituted by one or more groups selected from 
halogen, cyano, nitro, methoxy, ethoxy, methyl, ethyl, hydroxy and -NR^*; 
5 R^ is selected from -H, Ci-ealkyl, C2^alkenyl, Cs^iCycloalkyl, C3. 

fihetezocycloalkyl optionally subsitituted with one or more groups selected from 

f 

Ci^alkyl and halogen, and ; 

each of R* and R^ is independently selected from -H, Ci^alkyl, Ci-galkenyl, 
Cs^cycloalkyl, Ca^cycloalkyl-Ci^alkyl, Ca^sheterocyclyl and Ca^eterocylcyl-Ci. 
10 ealkyl, wherein said Ci^alkyl, Ca-ealkenyl, Cs^cycloalkyl, Cs-ecycloalkyl-Ci^alkyl, 
Ca^eterocyclyl and Ca-eheterocylcyl-Ci^alkyl are optionally substimted by one or 
more groups selected from halogen, cyano, nitro, methoxy, ethoxy, methyl, ethyl, 
hydroxy and -NR^R^; and 



15 



R*, R* and R® are indqpCTidently selected from -H and Ci-salkyl. 



3, A compound as claimed claim 1 , 

wherein R' is selected from Ci^alkyl, C2^alkenyl, phenyl-CMalkyl, 
C3.iocycIoalkyl-CMalkyl, C4^ycloaIkenyl-Ci.4aIiyl, Ce-ioaryl, Ca-iocycloalkyl, 
Ca^eterocycloalkyl-Ci-^alkyl, and C4^cIoaIk^yI, wherein said Ci^salkyl, C2- 
20 ealkenyl, phenyl-Ci.4all£yl> C3.iocycloalkyl-Ci^alkyl, C^cycloalkenyl-Ci-^alkyl. Ce- 
loaryl, Cg-iocycloalkyl, C3^eterocycloalkyl-Ci-4alkyl, and C4^ycloalkenyl used in 
defining R^ is optionally substituted by one or more groups selected from halogen, 
metiioxy, ethoxy, methyl, ethyl, hydroxy, and -NR^^; 

R^ is selected from Ci.«alkyl, Cz^alkenyl, Cj^ycloalkyl and Ca^ycloalkyl- 
25 Ci.4aU!:yl, wherein said Q^aDcyl, C^^alkmyl, Cs^cloalkyl and C^^icycloall^yl- 

Ciwtallcyrl used in defining R^ is optionally substituted by one or more groups selected 
from halogen, methoxy, ethoxy, methyl, ethyl, hydroxy and-NR^*; 

R^ is selected from Cs^eterocycloalkyl optionally subsitituted with one or 



more Ci^alkyl, and ; 
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wherein said Ca^eterocycloalkyl contain at least one nitrogen ring atom and 
the radical of C3^eteiocycloaIkyI is located on the at least one nitrogen ring atom, 
and wherem each of R* and is independently selected from -a Ci-ealkyl, 
morpholinyl- Ci-aalkyi, pyirolidinyl-C,.3alkyI, and piperidinyl-Ci.Balkyl. wherein said 
5 C-gaDcyl, morpholinyl-Ci-salkyl. pyirolidinyl-Ci^alkyl, and piperidinyl-Coalkyl are 
optionally substituted by one or more groups selected from halogen, methoxy, ethoxy, 
methyl, ethyl, hydroxy and -NR^*; and 

R*, R^ and R* ai© independently selected from -H and Ci.saUcyl. 

10 4. A compound as claimed in claim 1, wherein 

r' is selected from cyclohexylmelhyl, cyclopentylmethyl, cyclobutylmethyl, 
cyclopropylmethyl, cyclohexylethyl. cyclopentylethyl, tetrahydxopyranyimetfayl. 
tetrahydiofuranyhnethyi. 1-piperidinylethyl. N-methyl-2-piperidinyl-methyl and 
benzyl; 

15 R^ is selected from t-butyl, n-butyl, 2-methyl-2-butyl, isopentyl, 2-methoxy-2- 

piopyl, 2-hydioxy-propyl,l-cyclopropyl-ethyl, 1-methyl-propyl, 1,1-dimethyl-propyl. 
l,l-dimetbyl-3-buten-l-yl, ethyl, and 2-propyl; 

R^ is R^R'N-, wherein R* and R' are independenfly selected from -H, and 

Ci.3alkyL 

20 

5. A confound selected from: 

N-[2-tert-Butyl-l-(cyclohexylmethyl)-lH-benzmiidazol-5-yl]-//,Ar,Ar- 

trimediylsulfamide; 

iV-[2-ferf-Butyl-l-(cyclohexylmethyI)-lJ?-benamidazol-5-yl]-JV' ^ -diethyl-AT- 
methylsulfamide; 

Ar-[lKcyclohexylmethyl)-2Kl,l-dimethylpiopyl>lH-benziniidazoK^ 
dimethyl-sulfamide and phannaceutically acceptable salts thereof. 

A compound according to any one of claims 1-5 for use as a medicament 



25 



t-* : 30 
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7 . The use of a compound accoiding to any one of claims 1-5 in the manufacture 
of a medicament for the therapy of pain. 

8. The use of a compound according to any one of claims 1-5 in the manufacture 
5 of a medicament for the treatment of anxiety disorders. 

9. Hie use of a compound according to any one of claims 1-5 in the manufacture 
of a medicament for the treatment of cancer, multiple sclerosis. Parkinson's disease. 
Huntington's chorea. Alzheimer's disease, gastrointestinal disorders and 

10 caidiavascular disorders. 

10. A pharmaceutical composition comprising a compound according to any one 
of claims 1-5 and a phannaceutically acceptable carrier. 

15 11, A method for the therapy of pain in a warm-blooded animal, comprising the 
step of administering to said animal in need of such therapy a dierapeutically effective 
amount of a compound according to any one of claims 1-5. 

12 A method for preparing a compound of formula I, 

,3 M^N^x-^'^^SSn^K 



20 



* r « 
A r » 



I 

comprising the step of reacting a compound of formula n, 

25 with acompoundof R^C(=0)X. m the presence of abase and optionally a coupUng 
reagent, followed by treatment by an acid; 
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X is selected from CI, Br, F and OH; 

R» is selected from Ci.joalkyl, Cz-ioalkenyl, CMoalkynyl, R^'^-Ci^alkyl, 
R^O-Ci^alkyl, R^C(=0)N(-RVc,.6alkyl. R5R^SC=0)z-C,^alkyl, R^CS(=0)2NC-R^)- 

5 Ci^alkyl. R*R*'NC(=0)N(-RVc,-6alkyl. R^te(=0)2N(R^)-Ci.oalkyl. Cs-ioaryl- 
Ci.6alkyl, C6-ioaryl-C(=0)-Ci^lkyl. Ca-iocycloalkyl-CwalkyI, CU^ycloalkenyl- 
Ci-ealkyl, Cs^eterocyclyl-Ci-ealkyl, C3-6heterocyclyl-C(=0>Ci^alkyl, 
Ci.iohydrocarbylamino. R^R^-. R^O-, R^C(=0)N(-R*)-, R^*^S(=0)2-, 
r5CS(=0)2N(-R^-, R^R^C(=0)N(-R>, R^R'NS(=0)2N(R'')-, Ce-ioaryl. Ce-ioaryl- 

10 C(=0)-, C3. locycloalkyl. C4-gcycloalkenyl, Ca^eterocyclyl and Ca^heterocyclyl- 
C(=0)-; wherein said Ci-ioalkyl. Cz-ioalkenyl. C2-ioalkynyI, Cs-ioaryl-d-salkyl. 
G6-ioaryl-C(=0)-Ci^kyl. Ca.iocycloalkyl-Ci^alkyl, C4-gcycloalkenyl-C,^alkyl, 
Ca^heterocyclyl-C^kyl. C3^heterocyclyl-C(=0)-Ci^ialkyl, Ci.iohydrocaibylainino, 
Cg-ioaryl. C6-ioaryl-C(=0)., Ca-iocycloalkyl, C4.8cycloalkenyl, Ca^eterocyclyl or 

15 C3^heterocyclyl-C(=0)- used in defining R^ is optionally substituted by one or more 
groups selected from halogen, cyano, nitro. methoxy, ethoxy. methyl, ethyl, hydroxy, 
and-NR^*; 

r2 is selected from Ci.ioalkyl, Cwoalkenyl, Cz-ioalkynyl, Cs-iocycloalkyl. C3- 
locycloalkyl-C^alkyl, C4.8cycloalkenyl-C,.6alkyl, Ca^heterbcycloalkyl-Cx^ialkyl, C4. 
20 gcycloalkenyl, R^R^N-, Ca-sheteroaryl, Ce-ioaryl and Cs-eheterocycloalkyl, wherein 
said Cuoalkyl, C2.ioalkenyl, Ca-ioalkynyl, Ca^cycloalkyl, Cj-gcycloalkyl-Ci-ealkyl, 
C4^cycloalkenyl-Ci^kyl, Cj^sheterocycloalkyl-Ci^alkyl, C4-8cycloalkenyl. C3. 
sheteroaryl, Cs-ioaryl or Cs^heterocycloalkyl used in defining R^ is optionally 
substituted by one or more groups selected from halogen, cyano, nitro, methoxy, 
25 ethoxy, methyl, ethyl, hydroxy, and-NR*R*; 
-: -: wherein R^, R* and R"^ are independently selected from -H, Ci-ealkyl, C2. 

ealkenyl, Ci-ealkynyl, and a divalent Ci.«group that together with another divalent R^ 
: R^orR^fonnsaportionof aiing; 

I ' - r3 is selected from -H, Ci.ioalkyl, C2.ioalkenyl, Cz-ioalkynyl, Cs-iocycloalkyl, 

30 C3.iocycloalkyl-C,.6alkyl,C4.8cycloalkenyl-CMalkyl,C3^aieteiocyclod^ 
• subsitituted with one or more groups selected from Ci-^alkyl, halogen, amino and Cj. 

ealkoxy. 
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R"" 



N^^ 1^ and R^n^^ 



each of and is independently selected from -H, Ci-ioalkyl, C2.ioalkenyl. 
C2-ioalkynyl. CsJiocycloalkyl, Ca-iocycIoalkyl-Cwalky], Cs-cheterocyclyl, Ccioaryl, 
Ca^heterocylcyl-Ci^alkyl. Ce-ioaryl-Ci^alkyl, and a divalent Ci^group that together 
with another divalent group selected from and R' forms a portion of a ring, 
wherein said CMoalkyl, CMoalkenyl, Ca-ioalkynyl, Ca-iocycldalkyi, Ca-iocycloalkyl- 
Ci^alkyl, Ca^eterocyclyl, Ce-ioaryl, Cs^eterocylcyl-Ci-ealkyi, Ce-ioaryl-Ci^kyl, or 
divalent Ci-egroup is optionally substituted by one or more groups selected froni 
halogen, cyano, nitro, methoxy, edioxy, methyl, ethyl, hydroxy, and -NR^R^; and 

R'* is selected from -H, Ci-ioalkyl, Ca-ioalkenyl, Ca-ioalkynyl, Cs-iocycloalkyl, 
Cs-iocycloalkyl-Ci^aikyl, and C4.8cycloalkenyI-Ci^alkyl. 
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ABSTRACT 



Compounds of formula I or phannaceutically acceptable salts thereof: 




whei^ein R\ R^ and R^ are as defined in the specificationas well as salts and 
pharmaceutical compositions including the compounds are prepared. They are useful 
in therapy, in particular in the management of pain. 
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